Abstract: The workers were classified into two groups according to their median value of blood and urine lead levels and urine ALA levels. The group of workers whose blood lead levels were in a lower range (1-15 pg/dl) exhibited significantly lower hematocrit, hemoglobin and erythrocytes than the group of the workers whose blood lead levels were in a higher range (16-39 pg/dl) (P<0.001). However, there were no significant differences in the mean values of hematocrit, hemoglobin and erythrocyte counts between the workers whose urine lead or ALA levels were below the median value and those whose urine lead or ALA levels were above the median value. Because the bulk of blood lead is reported to exist in the soluble fraction of erythrocytes, low levels of blood lead are believed to exhibit low levels of anemia indicators.
It is known that lead affects the hematopoietic system, causing anemia by disrupting the heme metabolism. Leadinduced anemia was reported to occur in blood lead levels of 50 µg/dl or more, the result of the inhibitory action of lead on the hemoglobin synthesis. Anemia with clear signs and symptoms is rarely observed in Japan, since the exposure of workers to lead has been significantly reduced by improvements in work environment controls and work practice management in factories dealing with lead and its compounds.
Since the bulk of blood lead is reported to exist in a soluble fraction of erythrocyte2}, there may be a correlation between blood lead level and the clinical indexes that reflect anemia. The present study was intended to examine whether there is any relationship between exposure or biological effect indexes of lead and anemia indicators such as hemoglobin, hematocrit and erythrocyte among workers exposed to low levels of lead.
*To whom correspondence should be addressed .
A total of 1,573 workers were examined for blood and urine lead levels, urine ALA level and values of hematocrit, hemoglobin and erythrocytes based on the results of their medical examination for the five years from 1990 to 1994. The subjects worked at five different companies but all were engaged in the manufacture pigments or stabilizers of vinyl chloride. Medical examinations, required by law, were conducted biannually at the Occupational Health Service Center, Japan Industrial Safety and Health Association. The majority of the workers were male, so the present analysis was only targeted at male subjects. Since lead-induced anemia is reported to occur in blood lead levels of 50 ,ug/dl or more', the subjects in this report are all workers with blood lead levels below 40 ,ug/dl. The number of medical examines, the means and standard deviations of their ages and their engaging years are shown in Table 1 . The mean values and standard deviations of the subjects' ages and engaging years of subjects did not vary significantly during the five year period.
The subjects' blood and urine lead levels were determined using a flameless atomic absorption spectrophotometer (Z-7000, Hitachi, Japan and 5100-ZL, Perkin Elmer, USA). The detection limits of blood and urine lead were 1,ug/dl and 1 ,ug/1, respectively, and all the data exceeded the detection limits. The urine ALA level was measured by means of the Mauzerall-Granick method3~. The detection limit of urine ALA was 0.6 mg/l and all values below the detection limit were assumed to be 0.6 mg/l. Values of hematocrit, hemoglobin and erythrocytes were quantified using an automatic blood cell counter (K-1000, Sysmex, Japan).
The geometric means and standard deviations, medians, and ranges of blood and urine lead level and urine ALA levels, as well as the means and standard deviations, maximum and minimum values of hematocrit, hemoglobin and erythrocytes of the 1,573 workers are presented in Table  1 . The BEI of blood lead by ACGIH is 30 ,ug/dl4>. Occupational exposure limits of blood lead set by the Japan Society for Occupational Health is 40 ,ug/dl5 and urine ALA is 5 mg/l5. 88 (5.6%) workers' blood lead levels exceeded 30 ,ug/dl, and the number of workers whose urine ALA exceeded 5 mg/1 was 112 (7.1%). According to the WHO criteria6>, anemia is identified by a hematocrit value below 39%, or an amount of hemoglobin less than 13 g/dl in males, and below 36% or 12 g/dl in females. Proportion of hematocrit value below 39% was 6.2%, and that of the amount of hemoglobin being less than 13 g/dl was 4.6%. It is worthy Table 1 . Subject characteristics, exposure and biological effect indices of lead and certain anemia indicators of workers exposed to low levels of lead to note that there are certain subjects with positive signs of anemia among the workers. However, it seems unlikely that such anemia was caused by occupational exposure to lead, because lead-induced anemia is reported to occur only in blood levels of inexcess of 50 ,ug/dl'>.
The workers were classified into two groups according to their medians of blood and urine lead levels and urine ALA levels. As shown in Table 2 , the values of hematocrit, hemoglobin and erythrocytes were statistically compared by Student t-test between a group of workers with blood and urine lead levels or urine ALA levels were lower than the respective median values and another group who exceeded the median values. The mean values of hematocrit, hemoglobin and erythrocytes were significantly lower for the group with blood lead levels ranging from 1 to 15 µg/dl than for another group with 16 to 39 µg/dl of blood lead (p<0.001). However, there were no significant differences in the mean values of hematocrit value, hemoglobin and erythrocyte between the groups in urine lead level and urine ALA level. Figure 1 shows the relationship between blood lead level and anemia indicators. The blood lead level was in significant positive correlation with hematocrit value (p<0.001), amount of hemoglobin value (p<0.001) and erythrocyte count (p<0.001).
Regarding the relation between the blood lead level and the anemia examination, Makino et al. ' reported that blood lead level was in significant negative correlation with the amount of hemoglobin among the workers whose blood lead levels exceeded 40 jig/dl. And Haeger-Aronsen8 reported that urine ALA level was in significant negative correlation with the amount of hemoglobin. Fukaya et al.9~ reported that the geometric mean value of blood lead was 23.9 ± 1.6 jig/dl in 208 male pottery manufacturing workers and 15.0 ± 1.8 µg/dl in 217 female pottery manufacturing workers. Yamada et al)0' ") also reported that the mean value was 19.6 ± 9.0 ug/dl in 96 male ceramics painting workers and 14.6 ± 5.3 jig/dl in 74 female ceramics painting workers. They9-"~ also reported that no significant correlations between blood lead levels and anemia indicators were observed among the male or female workers exposed to above-mentioned levels of lead. The blood lead levels of the subjects found in the present study were lower than those reported by Fukaya et al.9~ and Yamada et al.10' "i
The results of the present study indicate that the hematocrit values, amounts of hemoglobin and erythrocyte counts were significantly lower in the workers whose blood lead levels were below the median value than in those whose blood lead levels were above the median, and also that the blood lead level was in significant positive correlation with the anemia indicators among the present workers exposed to low levels of lead. On the other hand, such significant differences were not found between urine lead and ALA levels and the anemia indicators.
Since the bulk of total lead in the blood is reported to exist in erythrocytes2~, the positive correlation between low levels of blood lead and the anemia indicators can be 
